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I. ABSTRACT 
Tensile specimens of Titanium-5% Aluminum-2.5% Tin EL I (Extra Low hterititiol) 
alloy were irradiated at the Ground Test Reactor in test GTR-19 to fluencss of 5.6 ta 
2 11 x 1017 n/cm (E > 1 Mev). The irradiation temperature was 140'~. WBtirnote and yield 
strengths increased slightly while the notched strength was unaffected. At ~.QOOR the per- 
cent elongation of specimens from o forging was significant1 y, though not serious! y, reduced. 
Sheet specimens showed slight reductions in  elongation, while that of the welded sheet 
specimens increased. About 60% of the radiation damage effect i s  "annealed our" at room 
temperature. Most of this recovery occurs within one hour. Complete annealing occurred 
after one hour at 1 0 0 0 ~ ~ .  
I!. INTRODUCTION 
Ti-5% Al-2.5% Sn ELI i s  o medium strength alpha titanium olloy. The ELI grade 
shows good toughness and strength ot cryogenic temperatures. In the NERVA reoctor designs, 
the olloy is wed as o moior structural component in the core ond reactor support rings, tie 
bolk ond control drum ganged drive mechanism. These opplications involve the use of bar, 
2 
sheet and foged materiol. Maximum expected fluences ronge to 5 x 1 0 ' ~  n/cm (E > 1 Mev) 
at teqerotures From 100'~ to room temperature. 
Previous testing (GTR-16, WANL-TME-1281. "Cryogenic Radiation Effects in 
NERVA Structuml Materials) had shown that bar material specimens had been significantly 
2 
affected by radiation. A+ 1 4 . 0 ~ ~  and 6 x 1017 n/cm (E > 1 Mev) average tensile elongation 
volues were reduced from 16.356 to 4.6%. The purpose of this experiment was to obtoin 
rnechonicol property doto on forging and sheet specimens to higher neutron fluences. It was 
expected that these forms of the olloy would show similar responses to radiotion. 
This ter vros port of WANL moterials irrodiotion test No. 37/W405. The test 
specification was WANL-TME-I530 ("Fino1 Test Specification Structural Materials Test 
No. 37/W405"). Doto wwos reported to WANL by the testing agency (General Dynamics/Fort 
W o ~ h  Division) in FZK-342 (Vol. 1 and 2). 
Ill CONCLUSIONS AND RECOMMENDATIONS 
Based on the results of this irradiation and previous testing in GTR- I6 (WANL- 
TME- 128 1) the following conclusions and recommendations can be mode: 
(1) Ploin and notched tensile strength properties of forged ond sheer Ti-5% Al-2.5% 
Sn ELI were only slightly increased or unaffected by neutron fluences up to 1018 n/cm2 
temperatures between 140°R and 540°R 
(2) The effects of irradiation on the ductility of the alloy appears to depend om the 
form tested. 
(3) Tensile elongotion of sheet moterial was only slightly reduced by 8 x 10 17 
2 
n/cm (E > 1 Mev) at temperatures as low as 140°R. Above 108 R, the ductility of shes+ 
should not be significantly degmded by neutron fluences at levels possible outside the core 
in NERVA reactors. 
(4) Ductility of unonneoled welds at cryogenic temperatures should be increased by 
irradiation ot expected fluences. 
(5) Tensile elongation of forged material was significantly, thou(gh not seriouslyr 
18 2 
reduced at 140'~ after fluences of 1. 1 x 10 n/cm (E > 1 Mev). Applications of this Form 
of the alloy above 1 0 0 ~ ~  outside of the core should not be affected by expected Fluence 
levels. 
2 (6) Specimens of bar material irradiated to 6 x 1017 n/cm (E > 1 Mev) in ETW- 16 
showed an overage elongation of 4.6% at 140°R. Baed on these data, brittle design criteria 
would be required below 230'~ for this fluence level. 
(7) Additional irradiotions of Ti-5% AI-2.5% Sn bar material are recommended to 
fluences of at least those expectedin future NERVA reactors to more occumtely determine the 
temperature limitation for brittle design. Irradiation of additional forging and sheet motsr:ol 
, 
is also recommended to verify the variation in radiation effects with form of the moterial. 
N EXPERIMENTAL PROCEDURES 
Moteriol 
Two Corms of the moterial were tested. Round bor specimens were machined from 
forged core support ring test sections supplied by the Lodish Company. These rings were 
opproximofely 1" thick, 2.5" wide ond 42" in diameter. Sheet and welded sheet specimens 
were machined from 0. 125" sheet bought from Titanium Metals Corporation (heat number 
0-4203). Both materiols were annealed at ~MOOF for one hour by the suppliers. Welded 
specimens were taken from 5" by 6" blanks of the some sheet which had been TIG welded 
From two butted 2.5" by 6" pieces without filler metal. A weld pass was made along both 
sides of the blanks. The weld zone was ot the center of the specimen gage secticn. The 
welded blonks were rodiogrophicolly inspected. Welded specimens were not anneoled. 
Toble 1 shows the chemicol compositions of the materials. The forging was bought 
to and complied with al l  of the requirements of WANL PDS-30028-1-D and the sheet to 
WANL PDS-30067. Both specifications hove the some chemistry requirements. 
The long oxis of the sheet specimens was in  the longitudinal or rolling direction. 
The oxis of the round bor specimens was tangential to the ring circumference. Unirradiated 
(control) specimens were token from the same stock m those irrodiated. Typical micrographs 
of the forging, sheet and weld zone material are shown in Figure 1. Average grain size of 
the forging wax ASTM No. 7 ond of the sheet ASTM NO. 8. 
Test Specimens 
Test specimen designs are shorn in Figures 2 and 3. Sheet specimen thickness was 
0.080" with the specimen token from the center of the sheet thickness. Pin-loaded sheet 
specimens were used to permit easier loading into the tensile grips. This procedure hod to be 
performed under liquid nitrogen for the irradiated samples. 
The round bar specimen was not o standord ASTM design. Becouse of material avail- 
able, reoctor dewor spoce ond previous test specimen design, a long, thin specimen was 
chosen. Table 2 shows o comparison between ASTM standard 4D specimen data on this moterial 
and the control values from GTR-19. These results indicate that the specimen design had no 
effect on the results of the experiment. 
Radiation Environment 
Specimens were irrodiated at the Ground Test Reoctor at Fort Wo&, Texas, by 
Geneml Dynamics in accordance with WANL specifications. Specimens vere immened in 
l iquid nitrogen (LN~) during the irradiation. Calculations indicate that the moterial temper- 
ature was that of the bath ( 1 4 0 ~ ~ )  during the irrodiotion. 
Specimen dosimetry wcs determined by a mopping run prior to the ful l irrodiotion. 
Dosimetry included bare and cadmium-covered copper foil, indium foil, sulfur pellets and 
oluminum foil. Further details can be found in FZK-342, Vol. 1. 
17 Neutron fluences mnged from 3. 1 x 1016 to 2.8 x 10 n/crn2* E < 0.48 ev and 
17 18 2 i 1 5.6 x 10 to 1. 1 x 10 n/cm , E > 1 Mev. Average gamma dose was 8 x 10 egs/gm(C(l). 
The reactor operated far 3380 Mw-hr. at a maximum power of 10 MW. 
Equipment ond Test Procedures 
Figure 4 shows an overall view of the testing equipment and instrumenbtion. A 
Model TT-D spl it-console-type instron machine was used for the tensile testing. hcmsl 
718 was used for the grips and pull rods for testing both specimen types. The round bar 
specimens were shoulder looded. A small insert was placed in the specimn l oad iq  wcniog 
in  each grip before seating of the specimen to give ful l circumferential looding. 
High-tempemture-annealed specimens for each doto group were annealed twethar 
in argon after irradiation. Thermocouples were included in  each specimen bundle to regu- 
1 ate annealing temperatures. 
A lightweight polystyrene foam crymtat (Figure 5) attached to the bottom pull rod 
wos used far the cryogenic tests. It was appmximotely 12" wide, 18" long and 82'Vaep. 
For the 140 R tesh, a specimen was transferred fmm the irrodiotion dewrar in a iar of liquid 
nitrogen (LN2) to the LN2 fi l led cryostot. It wm then loaded into tho grips and the test 
completed entirely under LN2. For the 340% tests the specimen rms loa&d in the same 
manner, then the cryostot wos dmined of LN2. When the specimen reochd s~rcx i rnota ly  
340'~, as determined by o calibrated thermocouple on the grip, its temperature was control- 
led with regulated blasts of LN2 from a perforated, double-wolled monifold. A similar 
procedure was followed for the 340'~ annealed specimens except the cryostot was refilled 
with LN2 before testing. Test and anneal temperatures were controlled within 50f: using 
this method. Further details con be found in AEC-NASA Tech Brief 67-10617. For the room 
tempemture Oesh, specimens were heated from 1400R to roam temperoture (-54O0R) in ocetone 
for several minutes. Both the 340°R and 540aR test specimens were held at temperatures 
for 10 minutes before testing begon. 
Tests were run with a constant 0. 1 in./min. hstron crosshead speed throughout 
for o l l  types of specimens. This corresponds to an initial strain rate of 0.067 min. for the 
sheet specimens and 0.057 min. for the bar specimens. 
Ultimate tensile strength, 0.2% offset yield strength and notched tensile strength 
were &toin& from the Bnstron charts. Elongation data reported is total elongation obtained 
from bench measurements between scribe morks on the goge sections of the specimens. Ori- 
ginal distov:ce between the goge marks was nominally 1.56 inches and 1.42 inches for the 
shn t  clnd round bar specimens, respectively. Percent reduction of area was determined 
from micrometer mcosurcments. 
V. RESULTS 
The 0.2% offset yield strength results are summarized in Table 3 and plotted iq 
Figures 6 and 7. Unirradiated strengths of the forging, sheet and welded sheet were essentially 
the same. k expected, the irradiation increased the yield strength, though not significantly. 
The effect was greater in the forging than in tht sheet and increased at lower test temperabra. 
Figure 7 shorn the effect of annealing time on the 140°R yield strength For various annealing 
temperatures. Only slight recovery had occurred at 340°R for a 60-minute onneoii. At 54O0It, 
about 60% of the damage disappears in 60 minutes. Little change occurs far longer times. 
After one hour at 1 0 0 0 ~ ~  or 1500~~ ,  the irrodiated specimens hod recovered to less than +be 
unirradiated value. Control specimens given a 1 5 0 0 ~ ~  anneal showed o slight increase in 
strength. 
The ultimate tensile strength is shown in Table 4 and Figure 8. Irradiated strenghs 
of a l l  three material types were similar. They were increased only slightty by the irradiation 
even at the lowest test temperatures. 
The percent reduction of area was not affected by the radiation except far the 
welded specimens at 140°R. In this condition i t  increased from 13% to 34%. The renoson 
for this effect is not presently understood. The data is summarized in Table 5. 
The effects of the radiation an the elongation is shown in Table 6 and Figure 9. The 
elongation was significantly though not seriously decreased by the irradiation except for the 
welded specimens at 140°R whose elongation increased. The forging showed deoreores of 
44% at 140'~ and 13% at 540°R. The sheet elongation decreased only 1.4% at 14.0~~. 
Notched tensile strength of the allay was not affected by the radiation. See Table 
7. The one exception was for the unwelded sheet at 140°R where the N. I. S. increaed 16%. 
The notched to unnatched strength ratio (Figure 10) decreased at the lowest temperatures For 
the forging, but increased for the sheet. 
Vl. DISCUSSION OF RESULTS 
2 
Previous tesiing (GTR-16) of this alloy after irradiation to 6 x 1017 n/cm ( E >  1 
Mev) hod been reported in  WANL-TME-1281. A summary of these results is shown in Table 
8. Bor moteriol was used in  o similar specimen design. Except for the cryogenic elongation 
and notched tensile strengths after irradiation, results were comparable to those in  GTR-19, 
although the Fluence was lower by o factor of two. In GTR-16, the elongotion at 140'~ was 
reduced by 72%. A reduction was also found in the notched tensile strength. Other investi- 
2 gotors hove irrodioted this al loy at cryogenic temperatures. Below 1017 n/cm (E > 1 Mev) 
18 2 
no reductions in  elongotion hove been found. At 10 n/cm (E > 1 Mev) Lockheed 
Nuclear Products report o reduction in  elongation from 11% to 6% at 30'~. (2) They used o 
miniature round bor specimen. Aerojet-General Corporation found obsolute reductions from 
11% to 8% and from 17% to 12% for ring and pressure vessel forgings, respectively, at 1 4 0 ' ~  
2 
and 1018 n/cm (E > 1 Mev). (3) The pressure vessel forging hod properties near those of our 
forging moteriol. 
The results to dote indicote that bar stock is affected to a greater extent than forged 
materiol while sheet is domoged only slightly at the wai lable fluence levels. The reoson for 
this effect is not clear since groin size, grain structure and degree of cold work ore opparently 
similar. Additional testing is recommended to verify the effect. The irrodiation caused on 
increcae in ducti l i ty of the weld material at 140°R, probably due to a shift in  the bolonce of 
properties between the weld ond parent metal. 
Since radiation increases the strength of most materials, unirradioted values are used 
for design purposes. Radiation generally reduces the ductility, however, ond material design 
criteria should be determined from irradiated data. At the present time, the use of bri t t le mates 
ia i  design criterio ore required when basic materials elongation is less than 5% in standard 
tensile tests. Using an 80% factor, 6.3% typical elongation is required for ductile design. 
The doto l imi t  the use of ductile design criteria for bar application to temperatures above 
2 
230°R where the fluence reoches 6 x 10'' n/cm . This assumes that the elongation curve 
between 1 4 0 ~ ~  and 5 4 0 ~ ~  is approximately linear (as indicated b y  the GTR-19 data). It is 
l ike ly  thot this tamperot~~re l imi t  w i l l  be raised b y  fluences as high as those expected in  the 
R- 1 reactor. Present doto doer not permit these effects to be estimated. 
The forging data from GTR-19 is applicab!e to the titanium support rings. Elongation 
values are adequate over the entire test temperature range. Predicted R- I doses are not ex- 
pected to further reduce these values significantly. 
Possible sheet and welded sheet applications o f  the alloy, e. g. the ganged drive 
mechanism, are not expected to be affected seriously b y  irradiation. 
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TABLE 1 
CHEMICAL COMPOSITION OF Ti-5AI-2.5 Sn ELI MATERIALS 
SHEET FORGING WANL 
ELEMENT SPEC WENS SPECIMENS SPEC IF CATION 
0.022 
0. 14 
5.0 
Bal. 
0.011 
0.012 
2.4 
0.07 
0.013 
0.08 
5.05 
Bal. 
0.01 
0.008 
2.6 
0.05 
0.05 Max. 
0.25 Max. 
4.75 - 5.75 
Bal. 
0.04 Max. 
0.015 Max. 
2.2 - 2.8 
0. 12 Max. 
TABLE 2 
COMPARISON OF GTR-19 RESULTS WITH STANDARD 4-D SPEC WEN RESULTS 
NUMBER UTS 0.2% Y. S. ELONG. 
OF TESTS ksi) (ksi) B$bj 
TABLE 3 
GTR- 19 Ti-SAI-2.5 Sn EL I 
0.2% OFFSET YIELD STRENGTH 
TYPE FLUENCE 
E<. 48 ev E>l M e v  
(n/cm2) (n/cm2) 
Forging 0 
2.8(17) 
2.8(17) 
1.9(17) 
9.6( 17) 
9.6(17) 
1.7(17) 
0 
2.0(17) 
0 
1.6(13 
0 
1.6(17) 
Sheet 0 
3. l(161 
3. l(16) 
3. It161 
3. l(16) 
0 
3. 1(16) 
0 
3. l(16) 
Sheet 0 
Welded 3. I(16) 
3. I(16) 
3. l(161 
0 
3. 1116) 
TEST ANNEAL No. OF 0.2% OFF SCATTER 
TEMP. TEMP. TIME SPECIMENS Y. S. MIN / MAX 
eR) (OR) b i n )  (ksi) (ksij 
llstronuclear 
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TABLE 4 
GTR- 19 Ti-SAI-2.5 Sn EL I 
ULTIMATE TENSILE STRENGTH 
TYPE FLUENCE TEST ANNEAL No. OF U. T. 5.  SCATTER 
E< 48 ev E>1 Mev TEMP. TEMP. TIME SPECIMENS MIN / M A X  
(n/cm2) (n/cm2) (OR) PR) (mid (Rsi) 
Forging 0 
2.8(17) 
2.807) 
1.9(17) 
9.6(16) 
9.606) 
2.0( 17) 
0 
2.0(17) 
0 
1.6(17) 
5 
1.6(17) 
Sheet 0 
3. 106) 
3. l(16) 
3. 106) 
3. l(16) 
0 
3. l(16) 
0 
3. l(16) 
Sheet 0 
Welded 3. l(16) 
3. l(16) 
'UTS = 147.5 Without one low volue/used in graphs 
Astronuclear 
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TABLE 5 TABLE 6 
GTR- 19 Ti-5AI-2.5 Sn ELI 
PERCENT ELONGATION 
GTR- 19 Ti-5AI-2.5 Sn EL 1 
REDUCTION OF AREA 
TYPE FLUENCE TEST ANNEAL No. OF R. A. 
TEMP. TEMP. TIME SPECIMENS 
(OR) (OR) (min) (%I 
TYPE FLUENCE 
E<.48ev E>1 Mev 
(n/crn2) (n/cm2) 
TEST ANNEAL No. OF ELONG. SCATTER 
TEMP. TEMP. TIME SPECIMENS MEN / MM 
(OR) PR) (mid (%I i% - 
SCATTER 
M IN / MAX 
("Yo) ("h) 
I 
Forging 0 
2.8(17) 
2.8(17) 
1.9(17) 
9.606) 
9.6(16) 
2.0(17) 
0 
2.0(17) 
0 
Forging 0 
2.8(17) 
2.8(17) 
1.9(17) 
9.606) 
9.6(16) 
2.0(17) 
0 
2.0(17) 
0 
1.6(17) 
0 
1.6(17) 
Sheet 0 
3. l(16) 
3. l(16) 
3. 1(16) 
3. l(16) 
0 
3. l(16) 
0 
3. 1(16) 
Sheet 0 
Welded 3. 1(16) 
3. i(16) 
3. l(16) 
0 
3. 1(16) 
1.6(17) 
Sheet 0 
3. l(16) 
3. l(16) 
3. l(16) 
3. 106) 
0 
3. 1(16) 
0 
3. l(16) 
Sheet 0 
Welded 3. l(16) 
3. l(16) 
TABLE 7 
Astienuclear 
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GTR- 19 Ti-5AI-2.5 Sn ELI 
NOTCHED TENSILE STRENGTH 
TYPE FLUENCE TEST ANNEAL No. OF N. T. S. SCATTER 
E<. 48 ev E>1 Mev TEMP. TEMP. TIME SPECIMENS M I N  / M A X  
(n/cm2) (n/cm2) (OR) (OR) b in )  (ksi) (ksi) (h i )  
Forging 0 
a. eon 
2.8(17) 
1.9(17) 
9.6( 16) 
2.3(17) 
0 
2.3(17) 
0 
1.8(17) 
0 
1.8(17) 
Sheer 0 
8.5(16) 
8.5(14) 
8.5(14) 
8.5616) 
0 
8.5(16) 
0 
8. S(16) 
Sheet 0 
Welded 8.5(16) 
8.5(16) 
8. S(16) 
0 
8.5(16) 
I Qaiue of 194 ksi not included 
Vo/QIve of 157 k s i  not included 
Weld Zone 
Sheet 
f IGURE 1 
IOOX Micrographs of GTR- 19 Ti-5%AI-2.5%Sn EL I Material 
Etchant: 17 Parts H N 0 3 ,  3 Parts HF, 80 Parts H 2 0  
Astronucleai 
laboratory 
.315.--] /.Z5 R TYP 1 4 3 8  DIA THRY BLEND - DO 
2 W O L E S  NOT UNDERCUT 
FIGURE 2 
Sheet Specimen 
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FIGURE 4 
Test Set-Up at GD/FW 
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FIGURE 5 
Specimen ?ulling Equipment 
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FIGURE 6 
I 0.2% Offset Yield Strength 
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FIGURE 7 
Irradiated Yield Strength vs. Anneal Time 
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F IGURE 8 
Ultimate Tensile Strength 
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FIGURE 9 
Tensile Elongation 
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FIGURE 10 
Notched to Unnutched Strength Ratio 
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